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A b s t r a c t
Wa t e rb a l a n c eh a s a s i g n i f i c a n ti mp a c to n t h e o v e r a l lf u e lc e l lp e r f o r ma n c e .Ma i n t e n a n c e o fp r o p e rwa t e r ma n a g e me n ts h o u l dp r o v i d ea na d e q u a t eme mb r a n eh y d r a t i o na n da v o i d a n c eo fwa t e rf l o o d i n gi nt h ec a t a l y s tl a y e r a n dg a sd i f f u s i o nl a y e r .C o n s i d e r i n gt h ei mp o r t a n to fa d v a n c e dwa t e rma n a g e me n ti nP E M f u e lc e l l ,t h i ss t u d y p r o p o s e sas i mp l eo n ed i me n s i o n a lwa t e rt r a n s p o r t a t i o nmo d e lo fP E M f u e lc e l lf o ru s ei nad y n a mi cc o n d i t i o n . Th emo d e lh a sb e e nc r e a t e db ya s s u mp t i o nt h a tt h eo u t p u ti st h ewa t e rl i q u i ds a t u r a t i o nd i f f e r e n c e .Th el i q u i d s a t u r a t i o nc h a n g ei st h et o t a ld i f f e r e n c eb e t we e nt h ea d d i t i o n a lwa t e ra n dt h er e mo v a lwa t e ro nt h es y s t e m. Th e wa t e ra d d i t i o ni so b t a i n e df r o m f u e l c e l l r e a c t i o na n dt h ee l e c t r oo s mo t i cd r a g . Th ewa t e rr e mo v a l i so b t a i n e df r o m c a p i l l a r yt r a n s p o r ta n de v a p o r a t i o np r o c e s s . Th er e s u l ts h o wst h a tt h ec a p i l l a r ywa t e rt r a n s p o r to fl o w t e mp e r a t u r e f u e lc e l li sh i g hb e c a u s et h ee v a p o r a t i o nr a t ei sl o w.
δ
:Th i c k n e s s , [ m] λ :L a t e n th e a t ,[ k J · k g 1 .I n t r o d u c t i o n I n t h i s wo r k ,t h e g o v e r n i n g p h y s i c s o f wa t e r t r a n s p o r t i n b o t h h y d r o p h i l i c a n d h y d r o p h o b i cd i f f u s i o n me d i aa r ed e s c r i b e d a l o n g wi t h a n o n e -d i me n s i o n a la n a l y t i c a l s o l u t i o n so fr e l a t e dt r a n s p o r tp r o c e s s e s .I t i sf o u n dt h a tl i q u i dwa t e rt r a n s p o r ta c r o s s t h eg a sd i f f u s i o nl a y e r( GDL )i sc o n t r o l l e d b y c a p i l l a r y f o r c e s r e s u l t i n g f r o m t h e g r a d i e n ti np h a s es a t u r a t i o n[ 1 ] . Th ewa t e r t r a n s p o r t a t i o n o ft h e me mb r a n e e l e c t r o d e a s s e mb l y ( ME A)i sd e p e n d e d o n t h ef u e l c e l l c u r r e n t . I nah y b r i df u e l c e l l s y s t e m f o r v e h i c l e , t h ec u r r e n ti sc o n t r o l l e dc o n s t a n t l y . B u ti ft h ep o we rd e ma n do fv e h i c l ei sl o we r t h a nt h ep o we rg e n e r a t e df r o m t h ef u e l c e l l , t h e nt h ee n e r g yi st a k e nf r o m t h eb a t t e r y . He n c e , t h e d y n a mi c wa t e r ma n a g e me n t s y s t e m i si mp o r t a n ti nt h i sc a s e . Th eg o o d d y n a mi cwa t e rma n a g e me n ts y s t e m r e q u i r e s t h e wa t e rt r a n s p o r t a t i o n mo d e lt o p r e d i c t h o w mu c hwa t e rt h a two u l db ea d d e da n d r e mo v e df r o m t h ef u e l c e l l s y s t e m. Th e r e f o r e a n o n e -d i me n s i o n a la n a l y t i c a ls o l u t i o n f o r wa t e rt r a n s p o r ti sn e e d e dt ok e e pu pwi t h t h ewa t e rb e h a v i o ri nt h eb a l a n c ec o n d i t i o n .
.Mo d e l l i n gme t h o d
A wa t e rt r a n s p o r t a t i o ne q u a t i o ni nP E M f u e l c e l l i s g o v e r n e d b y t h e f o l l o wi n g p r o c e s s :g e n e r a t i o no fwa t e ra tt h ec a t h o d e d u et ot h eo x y g e nr e d u c t i o nr e a c t i o n( OR R ) , mo l e c u l a rd i f f u s i o n ( MD)o fwa t e ra c r o s s t h eme mb r a n e , e l e c t r o -o s mo t i cd r a g( E OD) o f wa t e rf r o m a n o d et oc a t h o d e , a n dc o n v e c t i v e r e mo v a lo fwa t e rt o t h e g a s c h a n n e la s s k e t c h e di nF i g .1 .
F i g u r e1 .On ed i me n s i o n a lc o n t r o l v o l u met r a n s f e r Th eS h e r wo o dn u mb e ra n dt h ema s s -t r a n s f e r c o e f f i c i e n ta r ei n d e p e n d e n to fa i rv e l o c i t yi n t h ec h a n n e la n dc a nb ec a l c u l a t e da s :
F i g u r e2 .Wa t e rc o n c e n t r a t i o nv a r i a t i o na tv a r i o u si mp o r t a n tl o c a t i o n s
Th ewa t e rc o n c e n t r a t i o n sa tt h et h r e s h o l d c u r r e n td e n s i t ya tv a r i o u si n t e r f a c e sa c r o s s t h eme mb r a n ee l e c t r o d ea s s e mb l yf o rd i f f e r e n t h u mi d i t yl e v e l si ss h o wni nF i g .2 .I nt h i s f i g u r e , t h ema x i mu m wa t e rc o n c e n t r a t i o ni s l o c a t e di nt h ec a t h o d ec a t a l y s tl a y e r( C C L ) . Th ewa t e rt r a n s p o r t e db ymo l e c u l a rd i f f u s i o n i sr e l a t i v e l ys ma l l c o mp a r e dt oE O Da n dOR R . He n c e ,t h e wa t e rg e n e r a t i o n r a t e i n C C L c a nb es i mp l i f i e da n de x p r e s s e da st h et o t a l wa t e rp r o d u c t i o n r a t e f r o m ORR a n d t h e wa t e rt h a ti sd r a g g e df r o m t h ea n o d es i d e a ss h o wni nE q .( 3 ) [ 2 -4 ] .
Ba s e d o n AS HRAE s t a n d a r d f o r mu l a c a l c u l a t i n gt h ea i rp r o p e r t i e s[ 5 ] , t h ewa t e r a d d i t i o n f r o m t h ei n p u th u mi d a i rc a n b e d e r i v e d f r o m t h er e l a t i o n s h i p b e t we e n t h e h u mi d i t y a n d t h ev o l u me t r i cf l o w r a t ea s g i v e ni nE q .( 4 ) .
P a s a o g u l l a r ie ta l .
[ 1 ]h a v e s t u d i e d t h e s t e a d ys t a t ewa t e rt r a n s p o r t a t i o ni nGDLo f P E M f u e l c e l l . I nt h e i rwo r k s , t h eg o v e r n i n g p h y s i c so fwa t e rt r a n s p o r ti nb o t hh y d r o p h i l i c a n dh y d r o p h o b i cd i f f u s i o nme d i ai sd e s c r i b e d a l o n g wi t h t h eo n e -d i me n s i o n a la n a l y t i c a l
s o l u t i o n so fr e l a t e dt r a n s p o r tp r o c e s s e s .I t wa sa l s of o u n dt h a tt h ec a p i l l a r yt r a n s p o r t i st h ed o mi n a n t t r a n s p o r t p r o c e s sf o rr e mo v i n g wa t e rf r o m f l o o d e dGDL s .
Wh e r e , si st h el i q u i ds a t u r a t i o nl e v e l . On t h eo t h e rh a n d , t h ec a p i l l a r yp r e s s u r eb e t we e n t wop h a s e si se x p r e s s e da s
Ab o v e e q u a t i o n   i s t h e L e v e r e t t e f u n c t i o n a n d i s g i v e n b y t h e f o l l o wi n g r e l a t i o n :
Th ema s sf l o w r a t eo fwa t e rt r a n s p o r t e d b yc a p i l l a r i t yp r e s s u r ed r i v e ng i v e nb y :
Du et ov e r ys ma l ld i me n s i o n a lg e o me t r y o fP E M f u e lc e l l ,t h eg r a v i t ye f f e c tc a nb e n e g l e c t e d .Bys u b s t i t u t i n g E q .( 6 )a n dE q . ( 8 )a n dt h e ni tr e s u l t sE q .( 9 ) .
Th e L a v e r e t t e f u n c t i o n f o rh y d r o p h o b i c me d i ai sg i v e nb yE q .( 1 0 ) .
By c o mb i n i n g E q .( 9 )a n d E q .( 1 0 )i t y i e l d sE q .
( 1 1 ) .
( 1 1 ) C o n s i d e r i n gt h eo n e -d i me n s i o n a l t r a n s p o r t o fl i q u i dwa t e ro n l yt h r o u g hp l a n ed i r e c t i o n , t h eE q .
( 1 1 )r e d u c e st oa no r d i n a r yd i f f e r e n t i a l e q u a t i o n ,wh i c h c a n s o l v e a n a l y t i c a l l y a s g i v e nb yE q .
( 1 2 ) .
( 1 2 ) F i g .2s h o wst h el i n e a rg r a d i e n to ft h e l i q u i ds a t u r a t i o nr a t i oa l o n gGDL t h e r e f o r e t h eg r a d i e n to ft h es a t u r a t i o n l e v e la l o n g GDL i sg i v e nb yE q .
( 1 3 ) .
Ma s sf l o w r a t eo ft h ewa t e rt r a n s p o r t e d b yc a p i l l a r i t yp r o c e s si sg i v e nb yE q .
( 1 4 ) .
( 1 4 ) I n g e n e r a l ,t h e e v a p o r a t i o n r a t ec a n b e c a l c u l a t e db yE q .( 1 5 ) . F u r t h e r mo r et h el i q u i ds a t u r a t i o nc h a n g ei s c a l c u l a t e db yu s i n gE q . ( 1 7 ) .
( 1 7 ) 3 .S i mu l a t i o nr e s u l t sa n dd i s c u s s i o n s Th el i q u i dt r a n s p o r to ft h ewa t e ri n s i d e GDL i sa f f e c t e db yt e mp e r a t u r e .Wh e nt h e t e mp e r a t u r e i s h i g h ,t h e b a l a n c e b e t we e n wa t e ra d d i t i o n a n d wa t e rr e mo v a li s n o t r e a c h e d . F i g . 3a n dF i g . 4r e s p e c t i v e l ys h o w t h ec a p i l l a r yl i q u i dwa t e rt r a n s p o r ta n dt h e e v a p o r a t i o nr a t ei nt h ed i f f e r e n tt e mp e r a t u r e c o n d i t i o no ft h eh i g hP E M f u e lc e l lp o we r d e ma n do f 1 0 k W. T h ec a p i l l a r ywa t e rt r a n s p o r t o f l o w t e mp e r a t u r e f u e l c e l l i s h i g h e r b e c a u s et h ee v a p o r a t i o n r a t eb e c a mel o w. He n c e , af u e l c e l l wi t h 4 0°Ca i rt e mp e r a t u r e a n d 2 3 . 5 g / k g h u mi d i t y h a s s t o p p e d a f t e r 3 0 0 s e c o n d so p e r a t i o nb e c a u s et h ep o r eo f GDL b l o c k e dwi t ht h el i q u i dp h a s eo fwa t e r .
F i g u r e3 .C a p i l l a r yt r a n s p o r ti nGDL F i g u r e4 .E v a p o r a t i o nr a t ei nGD L I n P E M f u e lc e l lwi t h h u mi d i n p u ta i r o p e r a t i o n , t h et e mp e r a t u r ei si mp o r t a n t . F i g . 5s h o wst h a tt h ef l o o d i n g i sh a p p e n e d a t t h el o w t e mp e r a t u r eo fP E M f u e l c e l l u n d e r s t a t i o n a r y p o we r d e ma n d 1 0 k W. Th e u n b a l a n c e d wa t e rb e t we e n wa t e ra d d i t i o n a n dt h ewa t e rr e mo v a li sh a p p e n e da tl o w t e mp e r a t u r e s . I n t h i s c a s e , t h e wa t e r p r o d u c t i o ni sh i g ha smu c ha st h ee l e c t r i c a l p o we r p r o d u c t i o n p r o p o r t i o n a l l y ,b u t t h e wa t e rl i q u i dr e mo v a l b ye v a p o r a t i o nr a t ei s l o w.
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